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(54) NONAQUEOUS ELECTROLYTE SECONDARY BATTERY 




(57)Abstract: 

PROBLEM TO BE SOLVED: To establish a 
proper charge-discharge cyclic lifetime in a high 
energy density and high-temperature 
environment. 

SOLUTION: This nonaqueous electrolyte 
secondary battery uses a positive electrode 
material consisting of LixM02 (M is at least one 
of Co, Ni, Mn and (x) is 1 or 0.5) and a negative 
electrode material consisting of a carbonaceous 
material. A positive 2 and a negative electrode 1 
are band-shaped electrodes formed by molding 
the positive or negative electrode material on the 
two surfaces of a current collector, and a spiral 
electrode assembly is completed by winding 
round these electrodes 2 and 1 with separator 3 
interposed. An organic solvent for electrolytic 
solution is a mixture solvent of propylene 
carbonate and diethyl carbonate. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The positive electrode which contains LixM02 (however, M expresses at least 
one sort of Co, nickel, and Mn, and x is 1 or 0.5.) as a positive-electrode ingredient, It has 
the negative electrode which contains a carbonaceous ingredient as a negative-electrode 
ingredient. The above-mentioned positive electrode and a negative electrode The 
nonaqueous electrolyte rechargeable battery which is the band electrode which fabricated 
the above-mentioned positive-electrode ingredient or the negative-electrode ingredient to 
both sides of a charge collector, and these positive electrodes and a negative electrode are 
wound through a separator, and it comes to make into a swirl type electrode, and is 
characterized by the organic solvent of the electrolytic solution being a mixed solvent of 
propylene carbonate and diethyl carbonate. 

[Claim 2] The nonaqueous electrolyte rechargeable battery according to claim 1 
characterized by the mixing ratios of the above-mentioned propylene carbonate and 
diethyl carbonate being 75:25-15:85 in a volume ratio. 

[Claim 3] The nonaqueous electrolyte rechargeable battery according to claim 1 
characterized by for the charge collectors of the above-mentioned positive electrode 
being [ for the above-mentioned positive electrode and/or a negative electrode ] 
aluminium foil including polyvinylidene fluoride as binders, and the charge collector of a 
negative electrode being copper foil. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the nonaqueous electrolyte 
rechargeable battery which used the compound metallic oxide containing Li for the 
positive electrode about the nonaqueous electrolyte rechargeable battery, and used the 
carbon ingredient for the negative electrode. 
[0002] 

[Description of the Prior Art] While a camcorder/movie, a cellular phone, a laptop 
computer, etc. and new portable electronic equipment appear one after another and the 
small lightweight-ization is attained increasingly, what has still higher energy density is 
increasingly called for also from the cell as a portable power source for migration. 
[0003] Conventionally, as a rechargeable battery, although the cell of water-solution 
systems, such as a lead cell and a nickel-cadmium battery, is generally in use and these 
cells show the outstanding cycle property, it cannot be said to be a thing satisfying 
enough in respect of energy density etc., and there is a problem also from the position of 
environmental preservation, and development of the rechargeable battery which can 
replace these cells is desired. 

[0004] From such a situation, it is pollution-free and, moreover, has a serious interest in 
the nonaqueous electrolyte rechargeable battery (the so-called lithium secondary battery) 
which has a high energy consistency for high operating voltage. 



[0005] In the nonaqueous electrolyte cell, the energy density of a cell is decided by the 
property of an anode plate, former very many positive-electrode material is proposed, and 
evaluation examination of it is carried out. 

[0006] On the other hand, in the case of the rechargeable battery, it has started how the 
right or wrong of development develop the lithium negative electrode in which a good 
cycle property is shown. 

[0007] However, when it sees from this viewpoint, it must be said that there are very few 
results of the development about a lithium negative electrode. 

[0008] For example, although the lithium secondary battery which used the lithium metal 
for the negative electrode is announced and the outstanding property is introduced in AA 
type cell size, some troublesome problems which coil round a lithium negative electrode 
are still unsolved. 

[0009] That is, in the nonaqueous electrolyte rechargeable battery which uses a lithium 
metal or a lithium alloy for a negative electrode, while a lithium inactivates in connection 
with the repeat of a charge-and-discharge cycle and depositing in the shape of powder, in 
order for a lithium to carry out crystal growth to the shape of a dendrite at the time of 
charge, and to pass the fiber interspace spare time of the fine hole of the separator film, or 
a separator nonwoven fabric, to reach even a positive electrode and to cause an internal 
short circuit, sufficient charge-and-discharge cycle life is not acquired. Furthermore, 
since the activity of a metal lithium is very high, it has left the problem also in respect of 
safety. 

[0010] Then, as negative-electrode material replaced with a lithium negative electrode, 
the so-called Li-CIC (carbon-lithium intercalation compound) electrode is developed, and 
promising ** is greatly carried out in respect of the cycle life etc. namely, the inside of 
the organic electrolytic solution with which the so-called carbon-lithium intercalation 
compound (Li-Carbon Intercalation Compounds) in which the lithium ion carried out the 
intercalation to a certain kind of carbon ingredient contains lithium salt - electrochemical 
- the dedope dope of a lithium ion - following ~ a reversible oxidation reduction 
reaction - possible - the oxidation reduction potential - about 0.02 - since it is the 
range of -1 .0V, in combination with suitable positive-electrode material, it can become 
the excellent negative-electrode material of a nonaqueous electrolyte rechargeable 
battery, namely, in the cell system used as a negative electrode, said carbon-lithium 
intercalation compound The role which escorts the electron which the lithium ion doped 
by negative-electrode carbon shifts to a positive electrode in discharge, and passes along 
an external circuit from a negative electrode inside a positive-electrode object is played. 
Moreover, in charge, the role which escorts the electron with which the lithium ion which 
had shifted to the positive electrode returns to a negative electrode through return and an 
external circuit inside a negative-electrode object is played. Therefore, in any processes 
of charge and discharge, since a metal lithium will not exist in the interior of a cell, 
neither deposition of an inactive lithium nor growth of a dendrite takes place. Moreover, 
since the crystal structure of positive active material and a negative-electrode active 
material cannot collapse easily, a very good charge-and-discharge cycle property can be 
acquired. 

[001 1] On the other hand, in order to acquire a good charge-and-discharge property in a 
nonaqueous electrolyte rechargeable battery, the property of the organic electrolytic 
solution to be used becomes very important. For this reason, many researches are made 



about the relation between the property of the organic electrolytic solution, and a charge- 
and-discharge property, and knowledge as shown below is acquired in the lithium 
negative-electrode nonaqueous electrolyte rechargeable battery. 

[0012] 1. The conductivity of the organic electrolytic solution improves remarkably with 
the combination of a high dielectric constant solvent and a hypoviscosity solvent. 
[0013] this - dissociation of the ion in the electrolytic solution, and the mobility of ion - 
a half-quantum —like - explanation attachment ****. 

[0014] 2. Like what has the high conductivity of the electrolytic solution, polarization of 
a lithium negative electrode becomes small and the effectiveness of charge and discharge 
tends to become high. 

[0015] 3. The system which mixed 1 and 2-dimethoxyethane as a hypoviscosity solvent 
gives high conductivity and the outstanding lithium charge/discharge capability ability, 
using propylene carbonate, a sulfolane, or dimethyl sulfoxide as a high dielectric constant 
solvent. 
[0016] 

[Problem(s) to be Solved by the Invention] However, if the electrolytic solution which 
uses the mixed solvent of propylene carbonate and 1 and 2-dimethyl ethane as an organic 
solvent is used for the nonaqueous electrolyte rechargeable battery which uses a carbon- 
lithium intercalation compound as a negative electrode when this invention person etc. 
repeats examination the case where charge and discharge are repeated in ordinary 
temperature at the elevated temperature (for example, 40 degrees C) of a to some extent 
good charge-and-discharge cycle **** thing - capacity - rapid ~ falling - a cycle life - 
ordinary temperature - comparing - about — it turned out that un-arranging [ of 
becoming 1/10 ] arises. 

[0017] As engine performance required of the rechargeable battery which can replace an 
existing nickel-Cd cell and an existing lead cell, it must operate enough at an elevated 
temperature (at least 45 degrees C or more) from low temperature (at least - 20 degrees 
C) with a natural thing. 

[001 8] Therefore, the rapid capacity fall under the hot environments in the nonaqueous 
electrolyte rechargeable battery which uses a carbon-lithium intercalation compound as a 
negative electrode becomes the big hindrance of utilization. 

[0019] Then, this invention is proposed in view of such the conventional actual condition, 
and while energy density is highly pollution-free, it aims at offering the nonaqueous 
electrolyte rechargeable battery with which the cycle life which was excellent under hot 
environments is acquired. 
[0020] 

[Means for Solving the Problem] The result of having repeated various examination this 
invention person etc. improving the extreme fall of the cycle life at the time of elevated- 
temperature use, The mixed solvent of the propylene carbonate it is supposed that is most 
excelled as the electrolytic solution of the conventional lithium negative-electrode 
rechargeable battery, and dimethoxyethane To the nonaqueous electrolyte rechargeable 
battery which cannot necessarily say that it is the optimal in the nonaqueous electrolyte 
rechargeable battery which uses a carbon-lithium intercalation compound as a negative 
electrode, but uses a carbon-lithium intercalation compound as a negative electrode It 
came to find out enabling an extensive improvement of a cycle life [ in / the electrolytic 
solution which used diethyl carbonate (diethyl carbonate) is the optimal also in a 



hypo viscosity solvent with versatility, and / elevated-temperature use ]. 
[0021] Namely, the positive electrode with which this invention contains LixM02 
(however, M expresses at least one sort of Co, nickel, and Mn, and x is 1 or 0.5.) as a 
positive-electrode ingredient, It has the negative electrode which contains a carbonaceous 
ingredient as a negative-electrode ingredient. The above-mentioned positive electrode 
and a negative electrode It is the band electrode which fabricated the above-mentioned 
positive-electrode ingredient or the negative-electrode ingredient to both sides of a charge 
collector, and these positive electrodes and a negative electrode are wound through a 
separator, and it comes to consider as a swirl type electrode, and is characterized by the 
organic solvent of the electrolytic solution being a mixed solvent of propylene carbonate 
and diethyl carbonate. 

[0022] In the nonaqueous electrolyte rechargeable battery which uses the compound 
metallic oxide containing a lithium as a positive electrode, and uses a carbon ingredient 
as a negative electrode, when the mixed solvent of the propylene carbonate made the 
optimal with the lithium secondary battery which uses the conventional metal lithium as a 
negative electrode as an organic solvent of the electrolytic solution, and dimethoxyethane 
is used, and charge and discharge are repeated under hot environments, the fall of 
capacity is remarkable. 

[0023] On the other hand, use of the mixed solvent of propylene carbonate and diethyl 
carbonate attains a good cycle life under hot environments. 

[0024] Moreover, in this invention, a positive electrode and a negative electrode are used 
as the band electrode which fabricated the positive-electrode ingredient or the negative- 
electrode ingredient to both sides of a charge collector, since the swirl type electrode 
which wound these positive electrodes and a negative electrode through the separator is 
adopted, an effective electrode surface product is large and the cell of a high energy 
consistency is realized. 
[0025] 

[Embodiment of the Invention] Hereafter, the nonaqueous electrolyte rechargeable 
battery which applied this invention is explained. 

[0026] It becomes the rechargeable battery which uses a carbon-lithium intercalation 
compound as a negative electrode by the reaction of one formula by using LixM02 (for 
example, LiCo02) as a positive electrode, assembling a cell by using a carbon ingredient 
as a negative electrode, and charging this. The charge-and-discharge reaction of this 
rechargeable battery is as being shown in two formulas. 
[0027] 
[Formula 1] 
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[0028] the average discharge voltage of this rechargeable battery - about 3.6 - V - very 
much -- high - therefore, AA - the rechargeable battery of a 180Whs [/l. ] or more high 
energy consistency is realized in size. The charging time is also possible even for charge 
of 1 comparatively rapid hour enough. 

[0029] Furthermore, compaction of the cycle life in the light load discharge looked at by 
the lithium secondary battery which uses a metal lithium as a negative electrode is not 
seen at all, either. Moreover, as a cycle life, it is use in ordinary temperature and a 
longevity life called about 1200 cycles even in 100% of depth of discharge is checked. 
[0030] However, if the organic solvent of the electrolytic solution is used as the mixed 
solvent of propylene carbonate and 1 and 2 -dimethoxy ethane, when a charge-and- 
discharge cycle is repeated under an elevated temperature (40 degrees C), a rapid 
capacity fall will be caused, and the life of 1200 cycles will also become about 1/10 in 
ordinary temperature. 

[0031] So, in this invention, the mixed solvent of propylene carbonate and diethyl 
carbonate is used for the organic solvent of the electrolytic solution, and suppose that the 
fall of the cycle life in said elevated temperature is improved. 

[0032] In this case, as for the mixing ratio of propylene carbonate and diethyl carbonate, 
it is desirable that it is in the range of propylene carbonate:diethyl carbonate =75:25- 
15:85, and if it is in the range of propylene carbonate: carbonic acid JIECHIRUNI 60:40- 
20:80 especially, it can acquire a good charge-and-discharge cycle property under a low 
temperature service. 

[0033] moreover - as an electrolyte - LiPF6 although it is the most suitable - in 
addition, LiAsF6 and LiC104 etc. - it is usable. 

[0034] On the other hand, although the compound metallic oxide LixM02 containing a 
lithium is used for positive-electrode material, as this compound metallic oxide, such 
mixture etc. is suitable for LiCo02, LiNiyCol-y02 (however, 0< y<l), LiNi02, LiMn 
204, and a pan. 

[0035] Although each carbon ingredient used for this kind of rechargeable battery is 
usable as a carbon ingredient of a negative electrode, the carbon ingredient enumerated 
especially at the following is suitable. 

[0036] It is the carbonaceous ingredient which carbonizes an organic material by 
technique, such as baking, and is obtained [ 1st ] first. 

[0037] As an organic material used as a start raw material, the furan resin which consists 
of furfuryl alcohol or a homopolymer of a furfural, and a copolymer is suitable. 



Specifically, the polymer which consists of furfural + phenol, furfuryl alcohol + 
dimethylolurea, furfuryl alcohol, and furfuryl alcohol + formaldehyde and furfural + 
ketones is mentioned. The carbonaceous ingredient which carbonized this furan resin is 
the spacing d002 of a field (002). It is 3.70A or more, and in the differential thermal 
analysis (DTA) in the inside of an air air current, it does not have an exothermic peak in 
700 degrees C or more, but a property very good as negative-electrode material of a cell 
is shown. 

[0038] Or after introducing the functional group which contains oxygen in this, using the 
petroleum pitch of the H/C atomic ratios 0.6-0.8 as a raw material, giving the so-called 
oxygen bridge formation and considering as the precursor of 10 - 20 % of the weight of 
oxygen contents, the carbonaceous ingredient calcinated and obtained is also suitable. 
This carbonaceous ingredient is the spacing d002 of a field (002) by optimizing an 
oxygen content here, although indicated by JP,53-3 1 1 1 6,B etc. It considers as the 
carbonaceous ingredient which does not have an exothermic peak in 700 degrees C or 
more in 3.70A or more and differential thermal analysis (DTA), and is used as said 
negative-electrode ingredient. 

[0039] Furthermore, the carbonaceous ingredient which made the amount of dopes to a 
lithium big by adding phosphorus compounds or a boron compound in case said furan 
resin, petroleum pitch, etc. are carbonized is also usable. 

[0040] As phosphorus compounds, the point which is the ease of dealing with it etc. 
although the salt of these oxo acid etc. is mentioned further to the oxo acid of 
phosphorus, such as an oxide of Lynn, such as a phosphorus trioxide, a phosphorus 
tetroxide, and a phosphorus pentaoxide, and orthophosphoric acid (the so-called 
phosphoric acid), a metaphosphoric acid, polyphosphoric acid, and a phosphoric acid are 
suitable. 

[0041] The addition of the phosphorus compounds added in the case of carbonization of 
an organic material is converted into Lynn to these organic materials and a carbonaceous 
ingredient, and, as for the content of Lynn in 0.2-15 % of the weight, and a 
carbonaceous ingredient, it is desirable to consider as 0.2 - 5.0 % of the weight. 
[0042] As a boron compound, the oxo acid of boron, such as the oxide and orthoboric 
acid (the so-called boric acid) of boron, such as diacid-ized 2 boron, 3 oxidation 2 boron 
(the so-called boron oxide), 3 oxidation 4 boron, and 5 oxidation 4 boron, metaboric acid, 
tetraboric acid, and hypoboric acid, its salt, etc. are mentioned. Each of these boron 
compounds can be added to the system of reaction for carbonization in the condition of a 
water solution. 

[0043] As for the addition of the boron compound added in the case of carbonization of 
an organic material, it is desirable to make the content of the boron in 0.15 - 2.5 % of the 
weight and a carbonaceous ingredient into 0.1 - 2.0 % of the weight by boron conversion 
to these organic materials and a carbonaceous ingredient. 
[0044] 

[Example] The example which applied this invention is explained based on a concrete 
experimental result. 

[0045] Example 1 this example is LiCo02 and LiNi0.6Co 0.4O2 considering a difficulty 
graphite ingredient as a positive-electrode ingredient as a negative-electrode ingredient. It 
is the example of the nonaqueous electrolyte rechargeable battery which used the mixed 
solvent of propylene carbonate (PC) and diethyl carbonate (DEC) for mixture as an 



organic solvent of the electrolytic solution again. 

[0046] In order to have produced the negative electrode, after carrying out installation 
(the so-called oxygen bridge formation) of the functional group which contains oxygen in 
this 10 to 20% first, using a petroleum pitch as a start raw material, it calcinated at 1000 
degrees C among the inert gas air current, and the difficulty graphite ingredient was 
obtained. In addition, as a result of performing X diffraction measurement about the 
difficulty graphite ingredient obtained at this time, the spacing of a field (002) was 
3. 76 A, and true specific gravity was 1.58. 

[0047] This difficulty graphite ingredient was ground and it considered as carbon 
material powder with a mean particle diameter of 10 micrometers. And this carbon 
material powder 90 weight section was mixed with the polyvinylidene fluoride 10 weight 
section which is a binder, negative-electrode mixture was prepared, the solvent N- 
methyl-2-pyrrolidone was made to distribute this negative-electrode mixture, it was made 
the shape of a slurry, and the negative-electrode slurry was prepared. 
[0048] And after applying to homogeneity the negative-electrode slurry obtained by 
doing in this way and making both sides of band-like copper foil with a thickness of 10 
micrometers it is thin to a negative-electrode charge collector dry it, it pressed with the 
roll press machine and the band-like negative electrode was produced. 
[0049] On the other hand, in order to produce a positive electrode, a lithium carbonate 
and cobalt carbonate are mixed by the ratio which becomes one mol of 0.5-mol pairs, and 
it calcinates in air for 900 degrees C and 5 hours, and is LiCo02. It obtained. 
Subsequently, a lithium carbonate, nickel carbonate, and cobalt carbonate are mixed by 
the ratio which becomes 0.4 mols of 0.6 mol pairs of 0.5-mol pairs, respectively, and it 
calcinates in air for 900 degrees C and 5 hours, and is LiNi0.6Co 0.4O2. It obtained. 
[0050] Thus, the LiCo02 54.6 weight section and the LiNi0.6Co0.4O2 30.4 weight 
section which were obtained were mixed with the polyvinylidene fluoride 3 weight 
section which is the graphite 6 weight section and the binder which are an electric 
conduction agent, positive-electrode mixture was prepared, the N-methyl-2-pyrrolidone 
was made to distribute this positive-electrode mixture, it considered as the shape of a 
slurry, and the positive-electrode slurry was prepared. 

[0051] And after applying the positive-electrode slurry to homogeneity and making both 
sides of band-like aluminium foil with a thickness of 20 micrometers it is thin to a 
positive-electrode charge collector dry it, compression molding was carried out with the 
roll press machine, and the band-like positive electrode was produced. 
[0052] Subsequently, as shown in drawing 1 , when the separator 3 which consists of the 
band-like negative electrode 1, a band-like positive electrode 2, and a microporous 
polypropylene film is used as a swirl electrode component, respectively, it is beforehand 
adjusted to die length and width of face so that it may become the outer diameter of 
20mm, and the dimension settled appropriately in the cell can 5 with a height of 51mm, 
and the swirl type electrode was produced. 

[0053] Thus, the produced swirl type electrode was contained with the iron cell can 5 
which performed nickel plating, and the electric insulating plate 4 has been arranged to 
vertical both sides of the contained swirl type electrode. And the positive-electrode lead 
12 made from aluminum was drawn from the positive-electrode charge collector 10, and 
from the negative-electrode charge collector 9, the negative-electrode lead 1 1 made from 
nickel was drawn, and it welded to the cell can 5. 



[0054] And it is LiPF6 to the mixed solvent of propylene carbonate 50 capacity % and 
diethyl carbonate 50 capacity %. It was made to dissolve at a rate which becomesl. one 
mol /, the electrolytic solution was prepared, this electrolytic solution was poured in into 
the cell can 5, by closing the cell can 5 through the insulating obturation gasket 6 which 
applied asphalt, the cell lid 7 was fixed and the cylindrical nonaqueous electrolyte cell 
(example cell 1) with a diameter [ of 20mm ] and a height of 50mm was produced. 
[0055] Example 2 this example is LiCo02. It is the example of the nonaqueous 
electrolyte rechargeable battery independently used as a positive-electrode ingredient. 
[0056] The cylindrical nonaqueous electrolysis rechargeable battery (example cell 2) was 
produced like the example 1 except having mixed the LiCo02 91 weight section with the 
polyvinylidene fluoride 3 weight section and the graphite 6 weight section, and having 
prepared positive-electrode mixture. 

[0057] The example of the one example comparison of a comparison is an example 
which used the mixed solution of propylene carbonate and 1 and 2 -dimethoxy ethane as 
an organic solvent instead of the mixed solvent of the propylene carbonate of an example 
1 , and diethyl carbonate. 

[0058] It is LiPF6 to the mixed solvent of propylene carbonate and 1 and 2- 
dimethoxyethane. The cylindrical nonaqueous electrolysis rechargeable battery (example 
cell 1 of a comparison) was produced like the example 1 except having dissolved and 
having prepared the electrolytic solution. 

[0059] About the example cell 1, the example cell 2, and the example cell 1 of a 
comparison which were produced as mentioned above, it carried out by having repeated 
charge and discharge at the temperature of 45 degrees C, respectively, and the discharge 
capacity in each cycle was calculated. The result is shown in drawing 2 . 
[0060] In addition, charge set the charge electrical potential difference as a maximum of 
4.1 V, and was performed by 1 A constant current for 3 hours, and discharge was 
performed to termination electrical-potential-difference 2.75V by 6.2-ohm constant 
resistance. 

[0061] The example cell 1 of a comparison which used the mixed solvent of propylene 
carbonate and 1 and 2-dimethoxyethane has the large fall of the discharge capacity 
accompanying the repeat of charge and discharge, it is a 100 cycle eye, and initial 
discharge capacity 980mAh will fall to 560mAh(s) (57%) so that clearly from drawing 2 . 
On the other hand, by the example cell 1, early 950mAh(s) fall to 800mAh(s) (84%) by 
the 100 cycle eye. Moreover, early 980mAh(s) fall to 830mAh(s) by the 100 cycle eye 
also by the example cell 2. 

[0062] Thus, by the example cell 1 of a comparison using the mixed solvent of propylene 
carbonate and dimethoxyethane, it turns out in 45 degrees C that it stops at carrying out a 
capacity fall slightly as compared with ordinary temperature, and at least 45 degrees C of 
the effectiveness become size to causing a very big capacity fall with both the example 
cells 1 and example cells 2 using the electrolytic solution (mixed solvent of propylene 
carbonate and diethyl carbonate) by this invention. 

[0063] Incidentally, in the same discharge cycle trial in ordinary temperature, the degree 
of the capacity fall accompanying a cycle changed neither the example cell 1 of a 
comparison nor the example cell 1 nor the example cell 2 at all, but it was about 90% of 
initial capacity at both the 100 cycle times. 

[0064] Example 3 this example is an example of the nonaqueous electrolyte rechargeable 



battery which used LiMn 204 as a positive-electrode ingredient, and used the mixed 
solvent of propylene carbonate and diethyl carbonate for pitch coke as an organic solvent 
of the electrolytic solution as a negative-electrode ingredient. 

[0065] First, in order to have produced the negative electrode, after grinding pitch coke in 
mean particle diameter of 40 micrometers, it calcinated at 1000 degrees C among the 
inert gas air current, and carbon material powder was obtained. 
[0066] This carbon material powder 90 weight section was mixed with the 
polyvinylidene fluoride 10 weight section which is a binder, negative-electrode mixture 
was prepared, the solvent n-methyl-2-pyrrolidone was made to distribute this mixture, it 
considered as the shape of a slurry, and the negative-electrode slurry was prepared. 
[0067] And after applying this negative-electrode slurry to homogeneity and making both 
sides of band-like copper foil with a thickness of 10 micrometers it is thin to a negative- 
electrode charge collector dry it, compression molding was carried out with the roll press 
machine, and the band-like negative electrode was produced. 
[0068] On the other hand, in order to have produced the positive electrode, the 
manganese dioxide first heat-treated at 400 degrees C and the lithium carbonate were 
mixed by the ratio which becomes 0.25 mols of one-mol pairs, it calcinated at 850 
degrees C among air for 5 hours, and LiMn 204 (Li0.5MnO2) was obtained. 
[0069] Subsequently, this LiMn20486 weight section was mixed with the polyvinylidene 
fluoride 4 weight section which is the graphite 10 weight section and the binder which 
are an electric conduction agent, and positive-electrode mixture was prepared, and the 
solvent N-methyl-2-pyrrolidone was made to distribute this positive-electrode mixture, it 
considered as the slurry, and the positive-electrode slurry was produced. 
[0070] After making 30-micrometer [ in thickness ] band-like aluminium foil both sides 
used as a positive-electrode charge collector apply and dry this positive-electrode slurry 
to homogeneity at the last, compression molding was carried out with the roll press 
machine, and the band-like positive electrode was produced. 

[0071] Next, when the separator which consists of a band-like negative electrode, a band- 
like positive electrode, and a microporous polypropylene film with a thickness of 25 
micrometers was used as a swirl electrode component, each width of face and die length 
were adjusted, and the swirl type electrode was produced so that it might become the 
dimension settled suitable for a cell can. Thus, the produced swirl type electrode was 
contained with the iron cell can which performed nickel plating, and the electric 
insulating plate has been arranged in swirl type electrode vertical both sides. And the 
positive-electrode lead made from aluminum was drawn from the positive-electrode 
charge collector, and from the negative-electrode charge collector, the negative-electrode 
lead made from nickel was drawn from the negative-electrode charge collector, and it 
welded to the cell can, respectively. 

[0072] And it is LiPF6 to the mixed solvent of propylene carbonate 25 capacity % and 
diethyl carbonate 25 capacity %. The electrolytic solution in which it was made to 
dissolve at a rate which becomesl. one mol /was prepared, this electrolytic solution was 
poured in into the cell can, the cell lid was fixed by closing a cell can through the 
insulating obturation gasket which applied asphalt, and the cylindrical nonaqueous 
electrolyte cell (example cell 3) with a diameter [ of 14mm ] and a height of 50mm was 
produced. 

[0073] The example of the two example comparison of a comparison is an example 



which used the mixed solvent of a propylene polycarbonate and 1 and 2 dimethoxyethane 
as an organic solvent instead of the mixed solvent of the propylene carbonate of an 
example 3, and diethyl carbonate. 

[0074] It is LiPF6 to the mixed solvent of propylene carbonate 50 capacity % and 1 and 
2-dimethoxyethane 50 capacity %. The cylindrical nonaqueous electrolyte rechargeable 
battery (example cell 2 of a comparison) was produced like the example 3 except having 
dissolved and having prepared the electrolytic solution. 

[0075] About the example cell 3 and the example cell 2 of a comparison which were 
produced as mentioned above, in the 45-degree C ambient atmosphere, charge and 
discharge were repeated and the discharge capacity in deed each cycle was measured 
respectively. The result is shown in drawing 3 . 

[0076] In addition, charge set the charge electrical potential difference as a maximum of 
4 2 ! V and was performed by 400mA constant current for 3 hours, and discharge went by 
200mA constant current to termination electrical-potential-difference 2.75V. 
[0077] The example cell 2 of a comparison which used the mixed solvent of propylene 
carbonate and 1 and 2-dimethoxyethane has the large capacity fall accompanying a cycle 
it is a 100 cycle eye, and early 405mAh(s) will fall to 200mAh(s) (49%) so that clearly 
from drawing 3 . On the other hand, by the example cell 3 which used the mixed solvent 
of propylene carbonate and diethyl carbonate, the discharge capacity of a 100 cycle eye is 
smali° y g6 ca P acit y' md h turns out *at the fall of discharge capacity is 

[0078] Therefore, also in the nonaqueous electrolyte rechargeable battery which used 
pitch coke as a negative-electrode ingredient, and used LiMn 204 as a positive-electrode 
ingredient, when the mixed solvent of propylene carbonate and diethyl carbonate was 
used as an organic solvent of the electrolytic solution, it was shown that a good charge- 
and-discharge cycle property is attained. 

[0079] In addition, as a result of ordinary temperature's examining a charge-and- 
discharge cycle property similarly, both the discharge capacity in a 100 cycle time of the 
cell of the example 2 of a comparison and an example 3 was about 88% of initial 
discharge capacity. 

[0080] The example of the three example comparison of a comparison is LiCo02 
considering a metal lithium as a positive-electrode ingredient as a negative-electrode 
ingredient. Moreover, it is the example which used the mixed solvent of propylene 
carbonate and diethyl carbonate as an organic solvent of the electrolytic solution 
[0081] In order to have produced the negative electrode, first, metal lithium 
80micrometer was stuck to both sides of band-like copper foil with a thickness of 15 
micrometers by pressure with the lamination roll press machine as a negative-electrode 
charge collector, and the band-like negative electrode was produced. 
[0082] On the other hand, it is LiCo02 in order to produce a positive electrode It mixed 
according to the polyvinylidene fluoride which is the graphite and the binder which are 
an electric conduction agent, and the following presentation, and positive-electrode 
mixture was prepared, the N-methyl-2-pyrrolidone was made to distribute this positive- 
electrode mixture, it considered as the shape of a slurry, and the positive-electrode slurrv 
was prepared. 

[0083] And after applying the positive-electrode slurry to homogeneity and making both 
sides of 20-micrometer [ in thickness ] band-like aluminium foil used as a positive- 



electrode charge collector dry it, compression molding was carried out with the roll press 
machine, and the band-like positive electrode was produced. 

[0084] Subsequently, when the separator which consists of a band-like lithium metal 
negative electrode, a band-like positive electrode, and a microporous polypropylene film 
was used as a swirl electrode component, each width of face and die length were 
adjusted, and the swirl type electrode was produced so that it might become the 
dimension settled suitable for a cell can. Such a produced swirl type electrode was 
contained with the iron cell can which performed nickel plating, and the electric 
insulating plate has been arranged in swirl type electrode vertical both sides. And the 
positive-electrode lead made from aluminum was drawn from positive-electrode 
and from the negative-electrode charge collector, the negative-electrode lead made from 
nickel was drawn from the negative-electrode charge collector, and it welded to the cell 
can, respectively. 

[0085] Next, it is LiPF6 in this cell can in the mixed solvent of propylene carbonate 50 
capacity % and diethyl carbonate 50 capacity %. The electrolytic solution in which it was 
made to dissolve at a rate which becomesl. one mol /was poured in, the cell lid was fixed 
by closing a cell can through the insulating obturation gasket which applied asphalt, and 
the cylinder nonaqueous electrolyte cell (example cell 3 of a comparison) with a diameter 
[ of 20mm ] and a height of 50mm was produced. 

[0086] Charge and discharge were repeated for the produced example cell 3 of a 
comparison in ordinary temperature, and the discharge capacity in deed each cycle was 
measured. The result is shown in drawing 4 . 

[0087] In addition, charge set the charge electrical potential difference as a maximum of 
4.1 V, and was performed with 250mA current for 7 hours, and discharge was performed 
to electrical-potential-difference 2.75V from beginning to end by 6-ohm resistance. 
[0088] From drawing 4 , discharge capacity falls greatly in connection with repeating 
charge and discharge, and is falling to 56% of an early discharge capacity in 50 cycles. 
Therefore, it turned out that the improvement effect of a charge-and-discharge cycle 
property is shown only after using the above-mentioned mixed solvent for the 
nonaqueous electrolysis cell which uses a carbon material for a negative electrode from 
these results by showing that a charge-and-discharge cycle property is not improved even 
when the mixed solvent of propylene carbonate and diethyl carbonate is used as an 
organic solvent in the nonaqueous electrolysis rechargeable battery which uses a lithium 
electrode as a negative electrode. 
[0089] 

[Effect of the Invention] While energy density is high and is pollution-free in the 
nonaqueous electrolysis rechargeable battery which uses the compound metallic oxide 
containing Li as a positive electrode, and uses a carbon ingredient as a negative electrode 
since the mixed solvent of propylene carbonate and diethyl carbonate is being used for 
the nonaqueous electrolyte rechargeable battery of this invention as an organic solvent of 
the electrolytic solution so that clearly also from the above explanation, a good charge- 
and-discharge cycle life is shown under hot environments. 

[0090] Moreover, in this invention, a positive electrode and a negative electrode are used 
as the band electrode which fabricated the positive-electrode ingredient or the negative- 
electrode ingredient to both sides of a charge collector, and since the swirl type electrode 
which wound these positive electrodes and a negative electrode through the separator is 



adopted, an effective electrode surface product can realize the cell of a high energy 
consistency greatly. 

[0091] Therefore, according to the nonaqueous electrolyte rechargeable battery of this 
invention, also in the small portable device by which development is furthered in recent 
years, the energy of an amount can be enough supplied by the long cycle life, without 
spoiling the small lightweight nature. Moreover, since the above-mentioned nonaqueous 
electrolyte rechargeable battery has a good charge-and-discharge cycle property also in 
an elevated temperature, it can be used in the field which continues broadly as a 
rechargeable battery which replaces a lead cell or a nickel-cadmium battery. 
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